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Description 

This invention relates to suspension polymer- 
ization processes, to aqueous fluid-absorbing poly- 
mer beads produced from those processes, to sus- 
pending agents employed in said process and to a 
method of using wetting agents to improve the 
hydration rate of the aqueous fluid absorbing poly- 
mer beads. 

Various water-soluble polymers such as 
polyacrylamide and copolymers of acrylamide with 
other anionic, cationic or nonionic monomers are 
well-known to be precipitants or flocculants for 
many substrates including sewage, cellulosic fibers 
and fines for retention and freeness, effluent waste 
for metal production and coal tailings. Such poly- 
mers are also known to exhibit superior thickening 
properties when said polymers are dissolved in 
aqueous media. Particularly well known for this 
purpose are the anionic polyacrylamides such as 
acrylamide/acrylic acid copolymers, including those 
prepared by hydrolysis of polyacrylamide. Such 
polymers are also very useful as fluid mobility 
control agents in enhanced oil recovery processes. 

In the past, water-soluble polymers have been 
made available commercially as powders or finely 
divided solids which are dissolved in an aqueous 
medium in order to be used. Because such dis- 
solution steps are sometimes time consuming and 
often require rather expensive mixing equipment, it 
has become a common practice to formulate the 
water-soluble polymers in water-in-oil emulsions 
wherein the polymer is dissolved in the dispersed 
aqueous phase. Such emulsions, as well as meth- 
ods for preparing them, are described in U.S. Pat- 
ents 3.284.393; 3.826,771 and 4,052,353. 

More recently, water-swellable polymers which 
absorb aqueous fluids have been sought. These 
aqueous fluid absorbents are conveniently pre- 
pared by polymerizing water-soluble monomers 
such as acrylic acid in the presence of a crosslin- 
king agent in order to provide highly swellable 
polymeric materials. Such water-swellable poly- 
mers have been used in articles which absorb 
body fluids such as sanitary napkins, incontinent 
devices and disposable baby diapers. Such types 
of aqueous fluid absorbents (water-swellable poly- 
mers) and materials provided therefrom are dis- 
closed in U.S. Patents 4,511,477; 4,500,670; 
4,424,247; and 4,293,609. 

Suspension polymerization processes provide 
several advantages in the preparation of water- 
soluble polymers and water-swellable polymers. 
The reaction temperature and rate of reaction can 
be controlled due to the heat transfer properties 
attendant in such types of polymerization pro- 
cesses. For example, the reaction temperature can 
be controlled by means of ebullient cooling. In 



addition, the polymer product so provided in water- 
in-oil suspension polymerization processes can be 
conveniently separated from the oil phase using 
relatively efficient and cost-effective techniques 

5 such as filtration or centrifugation because such 
polymer is shaped like a bead. Unfortunately, a 
suspension polymerization process for such water- 
swellable polymers can cause a reduced hydration 
rate or decreased hydrophilicity, of the resulting 

70 water-swellable polymer beads. Therefore, im- 
provements in the preparation of water-swellable 
polymers is clearly desirable. 

U.S. patent No. 2,982,749 concerns a poly- 
merization process in which an aqueous solution of 

75 a water-soluble unsaturated monomer is suspended 
in an oil phase and polymerized therein to give 
polymeric products in bead form. 

The oil phase can be an inert hydrophobic 
liquid which can be separated readily from the 

20 polymeric product. Of such liquids the hydrocar- 
bons and chlorinated hydrocarbons such as 
toluene, xylene, o-dichlorobenzene, monoch- 
lorobenzene. propylene dichloride, carbon tetra- 
chloride, are advantageously used. 

25 In general, any inert finely divided solid or high 

molecular weight polymer can be converted to a 
water-in-oil suspending agent by first determining 
how it distributes itself when shaken with a mixture 
of the oil and the aqueous phase to be suspended. 

30 If the suspending agent goes entirely into either the 
oil or the aqueous phase, it is either too strongly 
hydrophobic or too strongly hydrophilic, and re- 
quires surface treatment with a hydrophilic sub- 
stance in the first case and with a hydrophobic 

35 substance in the second case. 

Surfactants in suspension polymerizations of 
water-swellable polymers have been shown to be 
useful during polymerizations, for example, in U.S. 
Patent No. 4,446,261. Such surfactants have also 

40 been introduced in post polymerization additions or 
during polymerization additions for example in U.S. 
Patent Nos. 4,459,396 and 4,270,977. 

DE-A-3 613 081 teaches the use of silanized 
silicas in combination with non-ionic surfactants as 

45 suspending agents to produce polymeric products 
in bead form. 

The use of these nonionic, ionic and cationic 
surfactants may improve the hydration rate of the 
water-swellable polymer but they can inhibit the 

50 fluid absorbency of the resulting fluid absorbent 
device in which the water-swellable polymers are 
incorporated. For example, surfactants may inter- 
fere with the desired wicking of fluids by fibers in 
the absorbent structure of a disposable diaper. 

55 In view of the deficiencies of the prior art, it 

would be highly desirable to provide an improved 
process for polymerizing water-soluble monomers 
using water-in-oil suspension polymerization tech- 
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niques; which process is capable of employing 
high concentrations of monomer in the aqueous 
phase without substantial agglomeration of poly- 
mer, and which process can be employed in pro- 
viding crosslinked water-swellable polymers of a 
controlled particle size resulting in a polymer bead. 

Accordingly, it would also be desirable to im- 
prove the hydration rate of the polymer beads once 
polymerized from a suspension polymerization pro- 
cess without decreasing the hydration rate of the 
resultant fluid absorbing device which can be ac- 
complished by using a wetting agent which does 
not reduce the surface tension of a supernate 
(provided by a standard test method described 
herein below) below 56 dynes/cm. 

The present invention is a suspending agent 
useful in suspension polymerization processes, 
said suspending agent comprising (1) a particulate 
material comprising a hydrophobic character, and 
(2) a polymer having a substantially hydrophobic 
character said polymer having hydrophobic moiet- 
ies pendant from the backbone thereof. 

The aforementioned suspending agent is par- 
ticularly useful in water-in-oil suspension polymer- 
ization processes. 

In another aspect, the present invention is an 
oil phase useful in water-in-oil suspension poly- 
merization processes, said oil phase comprising 
the aforementioned suspending agent. 

In yet another aspect, the present invention is a 
water-in-oil suspension polymerization process 
wherein water-soluble monomers are polymerized, 
said process comprising: 

(1) providing an aqueous phase comprising wa- 
ter and at least one water-soluble monomer; 

(2) providing an oil phase comprising an inert 
hydrophobic liquid and the aforementioned sus- 
pending agent; and 

(3) contacting the aqueous phase and the oil 
phase under conditions such that a water-in-oil 
suspension of polymer comprising polymerized 
water-soluble monomer is provided. 

Another aspect of the present invention is the 
aqueous-fluid absorbent polymer beads prepared 
from the water-in-oil suspension polymerization of 
water soluble monomers which comprises: 

(1) providing an aqueous phase comprising wa- 
ter and at least one water-soluble monomer; 

(2) providing an oil phase comprising an inert 
hydrophobic liquid and a suspending agent 
comprising: 

(a) a particulate material comprising a hy- 
drophobic character, and 

(b) a polymer having a substantially hydro- 
phobic character said polymer having hydro- 
phobic moieties pendant from the backbone 
thereof; and 



(3) contacting the aqueous phase and the oil 
phase under conditions such that a water-in-oil 
suspension of polymer beads comprising poly- 
merized water-soluble monomer is provided, 
s In yet another aspect, the present invention is a 

method for improving the hydration rate of polymer 
beads prepared from a suspension polymerization 
by using a wetting agent which does not reduce 
the surface tension of a supernate (provided by a 
10 standard test method described herein below) be- 
low 56 dynes/cm. The wetting agent can be used 
in the water-in-oil suspension polymerization stated 
above or in other suspension polymerization pro- 
cesses where improved hydration rate in the resul- 
;5 tant water-swellable polymer or bead is desired. 

In one aspect, the method for improving the 
hydration rate of aqueous-fluid absorbing beads 
from a suspension polymerization of water soluble 
monomers comprises: 
20 (1) suspension polymerizing the water-soluble 
monomers to produce aqueous fluid-absorbing 
beads; 

(2) removing the water from the suspension; 

(3) adding a wetting agent which does not re- 
25 duce the surface tension of a supernate 

(provided by a standard test method) below 56 
dynes/cm, in an amount sufficient to improve 
the hydration rate of the beads; and 

(4) drying the beads. 

30 Ideally, the hydration rate of the polymer beads 

is improved without destroying the advantageous 
properties which the polymer bead provides in 
aqueous-fluid absorbing polymer materials. 

Another aspect of the present invention is the 

35 improved hydration rate of the water-swellable 
polymer beads achieved by reducing the molecular 
weight of the polymer portion of the suspending 
agent used. 

In another aspect, the method for improving 
40 the hydration rate of aqueous-fluid absorbing beads 
from a suspension polymerization of water soluble 
monomers comprises: 

(1) providing an aqueous phase comprising wa- 
ter and at least one water-soluble monomer; 
45 (2) providing an oil phase comprising an inert 
hydrophobic liquid and a suspending agent 
comprising: 

(a) hydrophobic fumed silicon dioxide and 

(b) a copolymer of acrylic acid and lauryl 
so methacrylate having a molecular weight of 

from 100,000 to 300,000; and 
(3) contacting the aqueous phase and the oil 
phase under conditions such that a water-in-oil 
suspension of polymer beads comprising the 
55 polymerized water-soluble monomer is provided. 
A final aspect of the present invention is the 
method of using the wetting agent in the suspen- 
sion polymerization of water-soluble monomers 
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which comprises: 

(1) providing an aqueous phase comprising wa- 
ter and at least one water-soluble monomer; 

(2) providing an oil phase comprising an inert 
hydrophobic liquid and a suspending agent 
comprising: 

(a) hydrophobic fumed silicon dioxide and 

(b) a copolymer of acrylic acid and lauryl 
methacrylate; 

(3) contacting the aqueous phase and the oil 
phase under conditions such that a water-in-oil 
suspension of polymer comprising polymerized 
water-soluble monomer is provided; 

(4) removing the water from the suspension; 

(5) adding a wetting agent which does not re- 
duce the surface tension of a supernate 
(provided by a standard test method) below 56 
dynes/cm, in an amount sufficient to improve 
the hydration rate of the bead; and 

(6) drying the polymer beads. 

In addition to their utility as additives in drilling 
muds, fracturing fluids and fluid mobility control 
agents in enhanced oil recovery methods, the 
water-soluble polymers or water-swellable polymer 
beads prepared in accordance with the practice of 
the present invention are also useful as flocculating 
agents for sewages, industrial wastes, mining 
streams such as coal slurries and mining effluents, 
as thickeners for coating formulations, as additives 
for the manufacture of paper, and in a variety of 
other uses common for such polymers prepared by 
other conventional polymerization methods. 

Polymers comprising a crosslinked character 
and which are swellable in aqueous fluids are use- 
ful as aqueous fluid absorbent compositions. In 
preferred embodiments, such aqueous fluid absor- 
bent polymer compositions can absorb several 
times their weight of an aqueous liquid, preferably 
more than 15 times their weight in water. Such 
compositions can be employed in a wide variety of 
applications as are disclosed in U.S. Patents 
4,424,247; 4,51 1 ,477; 4,293,609 and 4,486,374. 

Surprisingly, the use of the aforementioned 
suspending agent, when employed in suspension 
polymerization processes, can provide a poly- 
merization product which exhibits a controlled par- 
ticle size distribution, a polymer bead. In addition, 
the polymerization products can be effectively 
dried using relatively energy efficient techniques 
such as steam distillation or azeotropic distillation. 
Of particular interest is the use of the suspending 
agent of this invention in providing water-swellable 
polymer bead products of controlled particle size. 
Further, the hydration rate of the beads can then 
be improved by the addition of a wetting agent 
which does not reduce the surface tension of a 
supernate (provided by a standard test method 
described herein below) below 56 dynes/cm. 



Further, the process of making the beads can 
be more efficient when the wetting agent is added 
after polymerization but prior to the actual drying of 
the beads, resulting in the need for drying the 
5 beads only once. If the wetting agent is added after 
the beads have been dried, a second drying is 
required to drive off the diluent for the wetting 
agent. 

The present invention is practiced in the prep- 

10 aration of water-in-oil suspensions containing a 
polymer prepared from water-soluble monomers. 
Such suspensions are those wherein the dispersed 
phase is an aqueous phase having contained there- 
in said polymer, and the continuous oil phase is a 

75 water-immiscible inert organic liquid. Advanta- 
geously, the suspension comprises preferably from 
90 to 30, preferably from 60 to 40, weight percent 
dispersed (i.e., aqueous) phase based on the total 
weight of the suspension. The amount of polymer 

20 contained in the suspension can vary providing that 
the resulting suspension is stable, and is advanta- 
geously from 10 to 50, more preferably from 20 to 
40, weight percent polymer based on the total 
weight of the suspension. In the suspensions, the 

25 weight ratio of water to polymer in the aqueous 
phase can vary and is desirably from 0.01:99 to 
9:1, more preferably from 4:1 to 0.67:1, and most 
preferably from 2.33:1 to 1.5:1. 

For the purposes of this invention, the water- 

30 soluble polymer contained in the aqueous phase of 
the suspension is one that forms a ther- 
modynamically stable mixture when combined with 
water. These mixtures form spontaneously and in- 
clude true solutions in which the individual polymer 

35 molecules are dispersed as well as micellar or 
colloidal solutions wherein the polymer molecules 
are aggregated to some extent, but wherein such 
aggregates are no larger than colloidal size. Ac- 
cordingly, such water-soluble polymers are gen- 

40 erally homopolymers and copolymers of water- 
soluble ethylenically unsaturated monomers. 

Suitable water-soluble monomers include those 
that are at least water-miscible and that are prefer- 
ably sufficiently water-soluble to form at least a 5 

45 weight percent solution when dissolved in water 
and readily undergo addition polymerization to 
form polymers that are water-soluble. Exemplary 
water-soluble monomers include ethylenically un- 
saturated amides such as acrylamide, 

so methacrylamide and fumaramide; their N-substi- 
tuted derivatives such as 2-acrylamide-2-methyl- 
propane sulfonic acid (AMPS), N- 
(dimethylaminomethyl)acrylamide as well as N- 
(trimethylammoniummethyl)acrylamide chloride 

55 and N-(trimethylammoniumpropyl)methacrylamide 
chloride; ethylenically unsaturated carboxylic acids 
such as acrylic acid, methacrylic acid, itaconic acid 
and fumaric acid; ethylenically unsaturated quater- 
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nary ammonium compounds such as vinylbenzyl 
trimethyl ammonium chloride, sulfoalkyl esters of 
unsaturated carboxylic acids such as 2-sulfoethyl 
methacrylate; aminoalkyl esters of unsaturated car- 
boxylic acids such as 2-aminoethyl methacrylate 
and 2-(N,N-dimethylamino)-ethyl methacrylate as 
well as the quaternized derivatives thereof such as 
acryloylethyl trimethyl ammonium chloride; vinyl 
amines such as vinyl pyridine and vinyl mor- 
pholine, diallyl amines and diallyl ammonium com- 
pounds such as diallyl dimethyl ammonium chlo- 
ride; vinyl heterocyclic amides such as vinyl pyr- 
rolidone; vinylaryl sulfonates such as vinylbenzyl 
sulfonate as well as the salts of the foregoing 
monomers. Of the foregoing water-soluble mon- 
omers, acrylamide and combinations of acrylamide 
and acrylic acid are preferred. Homopolymers of 
acrylic acid can also be prepared. Homopolymers 
prepared from acrylamide and copolymers pre- 
pared from combinations thereof with other water- 
soluble monomers are more preferred. Also pre- 
ferred are polymers wherein the water-soluble 
monomers range from 5 to 99 mole percent of 
acrylamide and/or partially hydrolyzed acrylamide 
and from 1 to 5 mole percent of other water-soluble 
monomers. Of particular interest are lightly cros- 
slinked polymers such as polyacrylic acid poly- 
mers, sodium polyacrylate polymers, and 
copolymers of polymerized acrylic acid and so- 
dium acrylate; which polymers are copolymerized 
with polyvinyl monomers such as trimethylol- 
propane triacrylate. 

The water-immiscible oil phase of the suspen- 
sion generally comprises at least one inert hy- 
drophobic liquid. Usually such liquid is an organic 
compound which is normally liquid at the con- 
ditions at which the suspension is used in the 
polymerization process. Operable liquids include 
hydrocarbons or substituted hydrocarbons. Pre- 
ferred organic liquids are the halogenated hydro- 
carbons such as, for example, perchloroethylene 
and methylene chloride as well as liquid hydrocar- 
bon having from 4 to 15 carbons per molecule, 
including aromatic and aliphatic hydrocarbons and 
mixtures thereof, e.g., benzene, xylene, toluene, 
mineral oils and liquid paraffins such as kerosene 
and naphtha. Of the foregoing organic liquids, the 
hydrocarbons are the more preferred, with aliphatic 
hydrocarbons being most preferred. 

The suspension polymerization processes are 
performed by following the general procedures de- 
scribed in the art as exemplified in U.S. Patents 
4,340,706; 4,367,323 and 4,446,261. In the process 
of this invention, an aqueous phase containing 
water-soluble monomer(s) typically is dispersed in 
the inert hydrophobic liquid which contains the 
suspending agent of this invention. Typically, it is 
desirable to agitate the resulting composition. Fac- 



tors, such as the rate of agitation of the composi- 
tion, control properties such as the droplet or par- 
ticle size of the suspended aqueous phase. 

The suspending agent of this invention com- 
5 prises two nec ssary components; the particulate 
material having a hydrophobic character and the 
polymer having a substantially hydrophobic char- 
acter. 

The particulate material comprising a hydro- 

w phobic character can be described as an amor- 
phous, highly oil dispersible, approximately micron 
size, substantially water-insoluble particulate ma- 
terial. Typically, the size of the particulate material 
ranges from less than 1 micron to several microns 

16 in diameter. The particulate material is most prefer- 
ably hydrophobic, for example, silicon dioxide, the 
particulate material provided by the reaction of 
silica with polydimethyidichlorosilane. Other useful 
particulate materials include hydrophobic clays 

20 such as the cationic surfactant treated bentonite 
clays. An example of a hydrophobic clay is sold 
commercially as Bentone® 34 by N. L Industries. 

The polymer having a substantially hydropho- 
bic character has hydrophobic moieties pendant 

25 from the backbone thereof. The hydrophobic 
groups of the polymer having a substantially hy- 
drophobic character are preferably pendant organic 
groups having hydro-phobicities comparable to one 
of the following: aliphatic hydrocarbon groups hav- 

30 ing at least four carbons such as C* to C20 alkyls 
and cycloalkyls; aromatic hydrocarbon groups such 
as alkylaryls wherein alkyl has one or more car- 
bons, preferably 4 to 8 carbons; haloalkyls of 4 or 
more carbons, preferably perfluoroalkyls; polyal- 

35 kyleneoxy groups wherein alkylene is propylene or 
higher alkylene and there is at least 1 alkyleneoxy 
unit per hydrophobic moiety. 

Suitable hydrophobic monomers include those 
which are (1) water-insoluble, i.e., less than 0.4, 

40 preferably 0.2, weight part of the hydrophobic mon- 
omer will dissolve in 100 weight parts water and (2) 
ethylenically unsaturated compounds having hy- 
drophobic groups as defined hereinbefore. Exem- 
plary hydrophobic monomers include the higher 

45 alkyl esters of a,/3-ethylenically unsaturated carbox- 
ylic acids such as dodecyl acrylate, dodecyl 
methacrylate, tridecyl acrylate, tridecyl 
methacrylate, tetradecyl acrylate, tetradecyl 
methacrylate, octadecyl acrylate, octadecyl 

50 methacrylate, ethyl half ester of maleic anhydride, 
diethyl maleate, and other alkyl esters derived from 
the reactions of alkanols having from 4 to 20, 
preferably from 8 to 20, carbon atoms with 
ethylenically unsaturated carboxylic acids such as 

55 acrylic acid, methacrylic acid, fumaric acid, itaconic 
acid and aconitic acid, and maleic anhydride; al- 
kylaryl esters of ethylenically unsaturated carbox- 
ylic acids such as nonyl-a-phenyl acrylate, nonyl-a- 
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phenyl methacrylate, dodecyl-a-phenyl aery late 
and dodecyl-a-phenyl methacrylate; N-alkyl, 
ethylenically unsaturated amides such as N-oc- 
tadecyl acrylamide, N-octadecyl methacrylamide, 
N,N-dioctyl acrylamide and similar derivatives 
thereof; a-olefins of at least 8 carbon atoms, such 
as octene-1, decene-1, dodecene-1 and 
hexadecene-1 ; vinyl alkylates wherein alkyl has at 
least 8 carbons such as vinyl laurate and vinyl 
stearate; vinyl alkyl ethers such as dodecyl vinyl 
ether and hexadecyl vinyl ether; N-vinyl amides 
such as N-vinyl lauramide and N-vinyl stearamide; 
and arylalkylstyrenes such as t-butyl styrene. Of 
the foregoing hydrophobic monomers, the alkyl es- 
ters of acrylic acid, methacrylic acid, N-alkyl ac- 
rylamides and N-alkyl methacrylamides wherein al- 
kyl has from 8 to 20 carbon atoms, the alkyl 
styrenes wherein alkyl has from 4 to 8 carbons 
such as t-butyl, are preferred. The alkyl- 
methacrylates and alkylacrylates wherein alkyl has 
from 10 to 20 carbon atoms are more preferred. 
Dodecyl methacrylate and N-dodecyl 
methacrylamide are the most preferred where hy- 
drolysis is not a problem. 

The polymer having a substantially hydropho- 
bic character is advantageously prepared by poly- 
merizing the aforementioned hydrophobic mon- 
omers and optionally other monomers such as hy- 
drophilic monomers in an oil phase using conven- 
tional initiators or catalysts. Suitable hydrophilic 
monomers are those described above as water- 
soluble monomers. The polymers typically have 
molecular weights of 100,000 to 5 million. All mo- 
lecular weights herein are determined by size ex- 
clusion chromatography. 

The molecular weights of the polymer having a 
substantially hydrophobic character can affect the 
hydration rate of the resultant water-swellable poly- 
mer. The hydration rate of the resultant water- 
swellable polymer can be improved using a poly- 
mer having a lower molecular weight. When a 
lower molecular weight polymer is used in the 
suspending agent the resultant smaller water-swel- 
lable polymer beads generally have an improved 
hydration rate. For example, a water-swellable 
polymer bead having a mesh size of from 100 
mesh (150 urn) to 325 mesh (45 urn) can be 
produced using a polymer of the suspending agent 
having a molecular weight of from 100,000 to 
300,000. Aqueous fluid absorbing polymer-beads 
can be produced having mesh sizes of from 30 
mesh (550 urn) to 200 mesh (75 urn). Such beads 
can be produced from the molecular weight of the 
suspending agent polymer which can be from 
500,000 to 5,000,000. 

The molecular weight of the suspending agent 
polymer can be controlled through conventional 
methods known in the art. For example, agents 



such as chain transfer agents, mercaptans, alco- 
hols, and chlorinated hydrocarbons can be added 
or parameters can be controlled during the poly- 
merization of the suspending agent polymer to 

5 control the molecular weight. The use of such 
agents and parameters to vary molecular weight is 
generally known to one skilled in the art. 

The amount of hydrophilic monomer polymer- 
ized with the hydrophobic monomers depends 

10 upon factors such as the types of water-soluble 
polymers which are provided and typically ranges 
from greater than 0 to 15 percent. For example, the 
amount of hydrophilic monomer which is polymer- 
ized in the polymer having the substantially hy- 

75 drophobic character can vary depending upon fac- 
tors such as those attendant when water-soluble 
copolymers are prepared from two or more varying 
monomers. 

The amount of components comprising the 
20 suspending agent can vary. The amount of each 
component depends upon factors such as the de- 
sired particle size distribution of the polymer prod- 
uct. The amount of each can conveniently range 
from 5 to 95 weight percent, relative to one an- 
25 other. 

The amount of suspending agent employed 
depends upon factors such as that amount neces- 
sary to provide a suspended aqueous phase in the 
oil phase while employing an amount which is 

30 economically low. The amount typically ranges 
from 0.05 to 10 weight percent relative to the 
amount of water-soluble monomer which is being 
polymerized. 

The suspending agent is incorporated into the 

35 oil phase using a variety of techniques. For exam- 
ple, it is desirable to contact the oil phase with the 
suspending agent under conditions which produce 
good mixing such as agitation. 

Polymerization of the water-in-oil suspension of 

40 the water-soluble monomer(s) is advantageously 
effected under conventional conditions such as de- 
scribed in U.S. Patents 4,340,706; 4,367,323 and 
4,446,261. Normally, such polymerization is prac- 
ticed in the presence of a polymerization initiator 

45 capable of generating free-radicals. Preferably, this 
free-radical initiator is employed in amounts of from 
0.01 to 0.1 weight percent of initiator based on the 
monomers. Exemplary polymerization initiators in- 
clude the inorganic persulfates such as potassium 

50 persulfate, ammonium persulfate and sodium per- 
sulfate; azo catalysts such as azobisisobutyronitrile 
and dimethylazoisobutyrate; organic peroxygen 
compounds such as benzyl peroxide, t-butylperox- 
ide, diisopropylbenzene hydroperoxide, t-butyl 

55 hydroperoxide; and compounds such as sodium 
borohydride. Of these initiators, the organic types 
such as t-butyl hydroperoxide are preferred. In 
addition to the aforementioned ingredients, the sus- 
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pension polymerization recipe optionally includes 
other ingredients, such as, for example, chain 
transfer agents, chelating agents, buffers and salts. 

If desired, a crosslinking agent can be incor- 
porated into the polymerization process. The cros- 
slinking agent can be incorporated into the aque- 
ous phase, the oil phase, or in the presence of both 
the aqueous phase and the oil phase. Preferably, 
the crosslinking agent is incorporated into the 
aqueous phase. The crosslinking agent can be 
employed in an amount sufficient to provide to the 
polymerization product an effective increase in mo- 
lecular weight, or to impart to the polymerization 
product a water-swellable character as is desirable 
In aqueous fluid absorbent compositions, or to pro- 
vide a hydrogel product. For example, oil-soluble 
polyvinyl crosslinking monomers can be incorpo- 
rated into the oil phase. Examples of polyvinyl 
crosslinking monomers include divinylbenzene, 
diethylene glycol diacrylate, propylene glycol 
dimethacrylate, allyl acrylate, diallyl fumarate and 
trimethylolpropanetriacrylate. Examples of other 
crosslinking monomers include polyhaloalkanols; 
sulfonium zwitterions; haloepoxyalkanes; poly- 
glycidyl ethers; aminoepihalohydrin adducts; mul- 
tivalent metal ions such as aluminum or calcium 
and glycidyl acrylates. The amount of crosslinking 
agent depends upon a variety of factors, but typi- 
cally ranges from 0.01 to 1 percent based on the 
weight of the polymer. 

After the polymerization reaction is complete, 
the suspension can be employed in a variety of 
ways. For example, the suspension can be (a) 
employed as is, (b) treated using centrifugal tech- 
niques in order to separate the polymer from the 
oil, (c) precipitated using agents such as methanol 
or acetone, (d) filtered, or (e) spray dried. 

The wetting agent can be added after the 
beads have been dried. Most economically, how- 
ever, the wetting agent can be added after poly- 
merization but prior to drying to allow for a single 
drying step of the polymer bead. 

A wetting agent is defined as an agent which 
improves the hydration rate of the bead and does 
not reduce the surface-tension of a supernate 
(provided by a standard test method) below 56 
dynes/cm. The "standard test method" is de- 
scribed below. 

Standard Test Method for Determining Surface 
Tension of Supernate ~" ~~ ~~ 

1. Treat dry polymer beads with 0.4 weight 
percent (based on dry weight of polymer beads) 
of polyol; 

2. Dissolve 1 g of the treated polymer beads in 
150 g of 0.9 percent saline solution; 

3. Filter off the supernate; and 



4. Determine the surface tension of the super- 
nate by using a duNouy surface tension appara- 
tus. 

Ideally, the hydration rate of the bead is im- 

5 proved without significantly reducing the absorben- 
cy properties of the aqueous fluid absorbent ma- 
terial in which the bead is incorporated. Therefore, 
examples of such a wetting agent are non-surfac- 
tant or non-detergent type wetting agents such as 

w polyols. Voranol® (from The Dow Chemical Com- 
pany) brand wetting agent is a preferred example 
of such a polyol. 

Typically, the wetting agent is introduced to the 
polymer bead as an aqueous solution in an amount 

75 sufficient to increase the hydration rate of the poly- 
mer bead. Preferably, an amount of from 0.2 to 2.0 
weight percent of wetting agent based on the 
weight of polymer beads will be a sufficient 
amount. Most preferably, the wetting agent is from 

20 0.3 to 0.4 weight percent of wetting agent based on 
the weight of polymer beads. 

If the beads are dried and then surface treated 
with the wetting agent aqueous solution, the pro- 
cess entails several energy and time consuming 

25 steps. The beads require drying off the oil phase 
and water phase, then spraying the wetting agent 
solution on the beads and finally redrying the 
beads. 

However, the intermediate drying step can be 

30 substantially reduced if, after the polymerization is 
complete, the water is removed from the suspen- 
sion, leaving the oil phase remaining with the poly- 
mer beads. A wetting agent in an aqueous solution 
is then added. Preferably the solution is added to 

35 the polymer beads slowly; most preferably the ad- 
dition occurs over a period of from 1 to 30 minutes. 
The water can then be vacuum stripped and the oil 
can be removed by filtration or centrifugation. A 
final drying yields polymer beads having an im- 

40 proved hydration rate over beads which have not 
been treated with the wetting agent. 

The molecular weight of the water-soluble poly- 
mer or water-swellable polymer is not particularly 
critical and may vary over a wide range. However, 

45 as stated above, a smaller water-swellable polymer 
bead can improve the hydration rate of the poly- 
mer. Typically, molecular weights range from 
100,000 to 50 million depending on the desired use 
of the polymer. Preferred polymers have weight 

so average molecular weight in the range of from 2 to 
25 million. It is understood that the molecular 
weights of the crosslinked polymer beads can be 
essentially infinite. 

The following examples are given to further 

55 illustrate the invention but not to limit its scope. All 
parts and percentages are given by weight unless 
otherwise indicated. 
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Example 1 

A. Preparation of Laury I methacry late/Acrylic Acid 
Copolymer" > 

To 795.4 g of laurylmethacrylate was added 
4.64 g of glacial acrylic acid and 800 g of liquid 
hydrocarbon sold commercially as Isopar® M by 
Exxon. Then 0.8 g of 2,2'-azobis(2,4~dimethyl- 
valeronitrile) which is sold commercially as Vazo® 
52 by E. I. duPont de Nemours Corporation was 
added. The solution was agitated, purged with ni- 
trogen for 1 hour and then heated to 50 'C. After 
12 hours of heating, the temperature of the thick- 
ened solution was increased to 60 *C and held 
there for 2 hours. It was then cooled and mixed 
with another 800 g of the aforementioned liquid 
hydrocarbon to give a 33 percent polymer solution. 

B. Suspension Polymerization of Cros- 
slinked Sodium Polyacrylate ~~ 

131 g of glacial acrylic acid was mixed with 
167 g of water. Then a 50 percent aqueous solution 
of sodium hydroxide was added dropwise, while 
keeping the temperature less than 50 °C. Addition 
was continued until the pH of the solution was 6.0. 
To this mixture was added 0.6 g of pentasodium 
salt of diethylenetriamine pentaacetic acid sold 
commercially as Versenex® 80 by The Dow 
Chemical Company, and the total weight of the 
aqueous phase was adjusted to 490 g with addi- 
tional water. 

The oil phase was prepared by adding 4.28 g 
of hydrophobic fumed silica sold as Aerosil® R-972 
by Degussa and 12.82 g of 33.3 percent 99 mole 
percent laurylmethacrylate/1 mole percent acrylic 
acid copolymer in the liquid hydrocarbon to 432.9 
g of the liquid hydrocarbon. 

The aforementioned Aerosil® R-972 compo- 
nent was dispersed by mixing the mixture with a 
Waring blender at medium agitation. The oil phase 
was then transferred to a 1 -liter reactor. The cros- 
slinking agent, 0.4275 g of trimethylolpropane 
triacrylate, was added to the oil phase. Then 
0.0684 g of sodium persulfate and 0.0977 g of a 70 
percent aqueous solution of t-butylhydroperoxide 
were added to the aqueous phase. The agitator on 
the 1 -liter reactor was set at 500 rpm and the 
aqueous phase was added quickly to the oil phase. 
The reactor was purged with N 2 for 1 hour and the 
polymerization was initiated by adding a nitrogen 
stream containing 1000 ppm SO2 at a rate of 50 
cm 3 /min through a dip tube. The reactor jacket was 
heated to 40 *C over a 10-minute period. This 
controls the actual polymerization temperature to 
50 *C. After an hour, the jacket was heated to 
60 *C and maintained at that temperature for an 



additional hour. The slurry was then cooled, cen- 
trifuged to remove excess liquid hydrocarbon and 
the product was air dried. 

5 Example 2 

A water-soluble copolymer of acrylamide and 
acrylic acid was provided as follows: 

An aqueous phase was provided by mixing 

70 241.8 g of aqueous acrylamide solution (48 percent 
acrylamide) and 16.85 g of glacial acrylic acid with 
69.8 g of water. To this mixture was added 0.28. g 
of the aforementioned Versenex® 80 and enough 
of a 50 percent sodium hydroxide solution to bring 

75 the pH of the mixture to 6.5. Additional water was 
added to give a total weight of the mixture of 350 

An oil phase was provided by adding 3.5 g of 
the aforementioned Aerosil® R-972 and 10.5 g of a 

20 33 percent solution of a copolymer of lauryl- 
methacrylate and acrylic acid. The mole ratio of 
laurylmethacrylate to acrylic acid was 95:5. The 
copolymer was blended with 336 g of the afore- 
mentioned Isopar M hydrocarbon. 

25 To the aforementioned aqueous phase was ad- 

ded 0.7 g of isopropyl alcohol and 0.05 g of a 70 
percent aqueous solution of t-butylhydroperoxide. 
The oil phase was transferred to a 1 -liter reactor 
and stirred at 300 rpm. The aqueous phase was 

30 added to the oil phase and then the suspension 
was purged for 1 hour with nitrogen. The poly- 
merization was initiated by adding SO2 at a flow 
rate of 0.05 cm 3 /minutes. The reaction was held at 
50 *C for 1 hour and then heated to 60 *C for an 

35 additional hour. 

The polymer was isolated by filtering off the 
hydrocarbon phase and drying (i.e., the Isopar® M) 
the beads in a forced air dryer at 90 *C. The 
product was a spherical free-flowing solid. The 

40 viscosity of 0.3 percent solution of the polymer in 3 
percent sodium chloride at a pH of 7 was 16 cps 
(0.016 Pa's) as determined using an Ostwald 
viscometer. 

45 Example 3 

A copolymer comprised of 70 mole percent 
acrylamide and 30 mole percent acrylic acid was 
provided as follows: 

50 An aqueous phase weighing 318 g was pro- 

vided by mixing 165 g of a 49.4 percent aqueous 
acrylamide solution with 35 g of glacial acrylic acid 
and 0.254 g of the aforementioned Versenex® 80. 
To this solution was added enough of a 50 percent 

55 sodium hydroxide solution to adjust the pH to 6.5, 
0.0727 g of tertiary butyl hydroperoxide and water 
to provide the aforementioned 318 g total weight. 
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An oil phase weighing 381.86 g was provided 
by mixing 3.18 g of the aforementioned Aerosil® R- 
972 composition with 3.18 g of a polylauryl- 
methacrylate polymer with 375.5 g of the Isopar® 
M hydrocarbon. 

The aqueous phase was added to the oil phase 
in a 1 -liter reactor while agitating at 450 rpm. The 
mixture was purged for 1 hour with nitrogen and 
the polymerization was initiated by adding SO2 at a 
flow rate of 0.05 cm 3 /minute. Shortly after initiation 
the suspension failed, coalescing into large mass of 
polymer. 

The aforementioned experiment was repeated, 
except that the polylaurylmethacrylate polymer was 
replaced with 3.18 g of a copolymer of 99 mole 
percent laurylmethacrylate and 1 mole percent 
acrylic acid. The suspension was agitated with SO2 
and heated to 50 *C for 1 hour. The suspension 
partially failed giving large chunks of agglomerated 
beads. 

The above experiment was further repeated 
replacing the 1 mole percent acrylic acid/99 mole 
percent laurylmethacrylate copolymer, with 3.18 g 
of a 2.5 mole percent acrylic acid/97.5 mole per- 
cent laurylmethacrylate copolymer. The polymer- 
ization proceeded smoothly. After polymerizing at 
50 'C for one hour, the product was isolated by 
filtering off the hydrocarbon (i.e.. the Isopar® M) 
and drying the beads. Microscopic examination 
shows that the polymer consisted of small agglom- 
erates of polymer beads. 

The above experiment was further repeated by 
replacing the 2.5 mole percent acrylic acid/97.5 
mole percent laurylmethacrylate copolymer with 
3.18 g of a 5 mole percent acrylic acid/95 mole 
percent laurylmethacrylate copolymer. The poly- 
merization was run as described hereinbefore. Mi- 
croscopic examination showed that the product 
consisted of spherical polymer beads free from any 
signs of agglomeration. 

Example 4 

A crosslinked polymer was provided as follows: 

An aqueous phase was provided by mixing 
116.4 g of glacial acrylic acid, 0.53 g of the afore- 
mentioned Versenex® 80, enough of a 50 percent 
aqueous sodium hydroxide solution to adjust the 
pH to 6 and enough water to provide a 400 g total 
aqueous phase. 

An oil phase weighing 400 g was provided by 
mixing 1.14 g of the aforementioned Aerosil® R- 
972, a copolymer of 99 mole percent lauryl- 
methacrylate and 1 mole percent acrylic acid, 
0.456 g of trimethylolpropanetriacrylate and 397.7 
g of Isopar® M hydrocarbon. 

To the aqueous phase was added 0.0868 g of 
t-butyl hydroperoxide and 0.0608 g of sodium per- 



sulfate which was in turn added to a 1 -liter reactor 
containing the oil phase. The agitator on the reactor 
was set at 450 rpm. The mixture was purged with 
nitrogen for 1 hour and polymerization was then 

5 initiated at 25 * C by the addition of SO2 at the rate 
of 0.0833 cm 3 /minute. The reaction was heated to 
50 "C and was held at this temperature for 1 hour. 
The temperature was then increased to 60 ' C and 
held there for an additional hour. 

10 The reaction mixture was cooled to room tem- 
perature and the Isopar® M hydrocarbon was re- 
moved by filtration. The polymer beads were dried 
in a forced-air dryer at 90* C. 

The water-retention capacity of the polymer so 

75 provided was determined to be 75 g of a 0.9 
percent aqueous sodium chloride solution per gram 
of polymer. The amount of extractable polymer was 
2.5 percent. The extractable polymer was deter- 
mined by contacting a polymer sample in a 0.9 

20 percent aqueous sodium chloride solution and 
shaking for 16 hours. 

The extractable polymer test was rerun except 
that a mixture of 0.9 percent aqueous sodium chlo- 
ride and polymer beads were sheared for 10 sec- 

25 onds in a Waring blender at high speed. The 
sample was filtered and titrated as usual. The ex- 
tractables of this sample increased to 5.6 percent. 

The aforementioned polymerization process 
was repeated except that the SO2 flow rate initi- 

30 ation was increased to 0.108 cm 3 /minute. The poly- 
mer was isolated as described hereinbefore. The 
resulting polymer exhibited a higher capacity while 
maintaining low extractables as indicated by a re- 
tention capacity of the 0.9 percent aqueous sodium 

35 chloride solution of 90 g per gram of polymer and 
the polymer extractables value of 5.36 percent and 
a further extractable of a similarly shear product of 
1 1 .8 percent. 

The aforementioned experiments indicate that 

40 the polymerization conditions can affect polymer 
water-retention capacity. For example, increasing 
the SO2 flow rate increased the capacity of the 
polymer. The above experiment also indicates that 
due to the fact that a higher percentage of polymer 

45 extractables were provided in the shear bead ex- 
amples that it was believed that the copolymer 
beads were more highly crosslinked near the sur- 
face of the particles. 

50 Example 5 

A crosslinked polymer was provided as follows: 
An aqueous phase weighing 308 g was pro- 
vided by mixing 87 g of glacial acrylic acid, 0.228 
55 g of the aforementioned Versenex® 80 and enough 
of a 50 percent sodium hydroxide solution to adjust 
the pH to 6 and water to give a total weight of 308 

g- 
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An oil phase was provided by mixing 4.27 g of 
Aerosil® R-972, 1.42 g of a 99 mole percent 
laurylmethacrylate/1 mole percent acrylic acid 
copolymer, 0.456 g of diethyleneglycoldiacrylate 
and 336.76 g of Isopar® M hydrocarbon. 

The aqueous phase was mixed with 0.0468 g 
of a 70 percent solution of t-butyl hydroperoxide 
and 0.0468 g of sodium persulfate with the aque- 
ous phase. This aqueous phase was added to the 
oil phase in a 1 -liter reactor. Agitation during addi- 
tion was 450 rpm. The reactor was purged with 
nitrogen for 1 hour and then the polymerization was 
started by adding S0 2 at the rate of 0.0833 
cm 3 /minute. The polymerization was held at 50 *C 
for 1 hour and then the mixture was heated to 
60 * C for an additional hour. The beads were sepa- 
rated by filtering off the excess Isopar® M and 
dried in a forced-air oven at 90 °C. The water- 
retention capacity of the beads so provided was 59 
g of the 0.9 percent sodium chloride solution per 
gram of polymer. 

Example 6 

A crosslinked polymer bead, 250 to 300 
microns in size, having an improved hydration rate 
after having been treated with a wetting agent, was 
prepared as follows. 

An aqueous phase was provided by mixing 43 
lbs. (19.5 kg) of glacial acrylic acid, 88 g of the 
aforementioned Versenex® 80, 44 lbs. (19.9 kg) of 
a 50 percent sodium hydroxide solution, 53 lbs. (24 
kg) of water and 76 g of trimethylol- 
propanetriacrylate. 

An oil phase was provided by mixing 186 g of 
Aerosil® R-972, 233g of a 98 mole percent 
laurylmethacrylate/2 mole percent acrylic acid 
copolymer having a molecular weight of 590,000, 
and 139 lbs. (63 kg) of Isopar® M hydrocarbon. 

The aqueous phase was mixed with 14.5 g of a 
70 percent solution of t-butyl hydroperoxide and 15 
g of sodium persulfate with the aqueous phase. 
This aqueous phase was added to the oil phase in 
a 50 gallon reactor at 20 °C. Agitation during addi- 
tion was 90 rpm. The reactor was purged with 
nitrogen for 1 hour and then the polymerization was 
started by adding S0 2 at the rate of 0.1-1 
cm 3 /minute. After polymerizing for two hours, agita- 
tion was increased to 120 rpm and the temperature 
was increased to 90 *C with a vacuum on the 
reactor to strip off the water. Later a solution of 95 
g of Voranol® wetting agent in 4.5 kg (10 lbs), of 
water was slowly added to the reactor at a rate of 
0.9 kg/min (2 Ib./min ). The beads were separated 
by filtering off the excess Isopar® M and dried in a 
forced-air oven at 90 *C. The water-swe liable poly- 
mer bead made by the above process had a par- 
ticle size distribution centered around 180 urn to 



300 urn. (50 to 80 mesh). 

The hydration rate of the polymer beads treat- 
ed with wetting agent and the untreated beads 
were tested by adding 50 g of a 0.9 percent 

5 sodium chloride solution to a beaker equipped with 
a stir bar adjusted to a brisk stir rate. Two grams of 
the beads were added to the solution and the rate 
in seconds was the time for the vortex of the 
solution to disappear. 

10 The untreated beads were made in the same 
manner as above with the exception of the wetting 
agent. The hydration rate of the untreated beads 
was 134 seconds and the hydration rate of the 
treated beads was 83 seconds. The data indicates 

75 the improved hydration rate of the beads having 
been treated with the wetting agent. 

Example 7 

20 A crosslinked polymer bead having a particle 
size distribution of from 75-90 urn and having an 
improved hydration rate after having been treated 
with a wetting agent was prepared as in example 6 
except the molecular weight of the 98 mole percent 

25 laurylmethacrylate/2 mole percent acrylic acid was 
as low as 200,000. 

The bead of Example 7 had a particle size 
distribution centered at 75-90 urn (170-200 mesh). 
The hydration rate measured as in Example 6 for 

30 the untreated beads was 94 seconds and the treat- 
ed beads had a hydration rate of 23 seconds. 

Therefore, by decreasing the molecular weight 
of the polymer portion of the suspending agent, the 
untreated beads produced are smaller and have a 

35 faster hydration rate than the untreated larger 
beads made with a suspending agent having a 
polymer portion with a larger molecular weight. The 
treated smaller beads also hydrate faster than the 
treated larger beads as shown in Example 6. 

40 

Claims 

1. A process for suspension polymerization of 
water-soluble monomers, comprising: 
45 (1) providing an aqueous phase comprising 

water and at least one water-soluble mon- 
omer; 

(2) providing an inert hydrophobic liquid oil 
phase of halogenated, aromatic or aliphatic 

so hydrocarbons and a suspending agent 

(3) contacting the aqueous phase and the 
oil phase under conditions such that a 
water-in-oil suspension of polymer is pro- 
vided, said process excluding surfactants 

55 that inhibit the water absorbency of said 

polymer 
characteriz d in that 

said suspending agent comprises a combina- 
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tion of 

(a) a particulate material of hydrophobic 
character and 

(b) a polymer having a substantially hy- 
drophobic character, said polymer having 5 
pendant hydrophobic moieties, wherein said 
suspending agent is substantially soluble in 
said oil phase. 

A process as claimed in claim 1 io 
characterized in that 

the suspending agent comprises (a) a hydro- 
phobic fumed silicone dioxide and (b) a 
copolymer of acrylic acid and lauryl 
methacrylate. 75 

A process as claimed in claim 1 or claim 2 
characterized in that 

the polymer having substantially hydrophobic 
character is selected from the group consisting 20 
of: higher alkyl esters of a,0-ethylenical!y un- 
saturated carboxylic acids, and other alkyl es- 
ters derived from the reactions of alkanols hav- 
ing from 4 to 20 carbon atoms with ethylenical- 
ly unsaturated carboxylic acids; alkylaryl esters 25 
of ethylenically unsaturated carboxylic acids, 
unsaturated amides; a-olefins of at least 8 car- 
bon atoms; vinyl alkylates wherein alkyl has at 
least 8 carbon atoms; vinyl alkylates wherein 
alkyl has at least 8 carbons; N-vinyl amides 30 
and arylalkylstyrenes. 

The process as claimed in any one of the 
preceding claims 

characterized in that 35 

it further comprises: 

(4) removing the water from the suspension, 

(5) adding the wetting agent which does not 
reduce the surface-tension of a supernate 
(provided by a standard test method) below 40 
56 dynes/cm, in an amount sufficient to 
improve the hydration rate of the beads, 

and 

(6) drying the beads; and 

wherein the particulate material which com- 45 
prises a hydrophobic character is hydrophobic 
fumed silicon dioxide and the polymer having 
a substantially hydrophobic character is a 
copolymer of acrylic acid and lauryl 
methacrylate. 50 

A process as claimed in any one of the pre- 
ceding claims 
characterized in that 

said beads are crosslinked by polymerizing the 55 
water-soluble monomers in the presence of a 
crosslinking agent. 



6. A process as claimed in any one of the pre- 
ceding claims 

characterized in that 

the amount of suspending agent ranges from 
0.05 to 10 weight percent relative to the 
amount of water-soluble monomer which is 
polymerized and wherein the wetting agent is 
added over a period of from 1 to 30 minutes. 

7. A method for improving the hydration rate of 
aqueous-fluid absorbing beads form a water-in- 
oil suspension polymerization of water-soluble 
monomers which comprises: 

(1) providing an aqueous phase comprising 
water and at least one water-soluble mon- 
omer; 

(2) providing an inert hydrophobic liquid oil 
phase of halogenated, aromatic or aliphatic 
hydrocarbons and a suspending agent; 

(3) contacting the aqueous base and the oil 
phase under conditions such that a water-in- 
oil suspension of polymer comprising poly- 
merized water-soluble monomer is provided 
said process excluding surfactants that in- 
hibit the water absorbency of said polymer, 

(4) removing the water from the suspension 
to leave an oil phase containing the beads; 

characterized in that 

said suspending agent comprises a combina- 
tion of 

(a) hydrophobic fumed silicon dioxide and 

(b) a copolymer of acrylic acid and lauryl 
methacrylate. 

an said process further comprises: 

(5) adding to the oil phase a wetting agent 
which does not reduce the surface tension 
of a supernate (provided by a standard test 
method) below 56 dynes/cm, in an amount 
sufficient to improve the hydration rate of 
the bead; and 

(6) drying the polymer beads. 

8. A suspending agent useful in suspension poly- 
merization processes 

characterized in that 

said suspending agent comprising (1) a com- 
bination of a particulate comprising a hydro- 
phobic character, and (2) a polymer having 
substantially hydrophobic character said poly- 
mer having hydrophobic moieties pendant 
from the backbone thereof. 

9. A suspending agent as claimed in claims 8, 
characterized in that 

said particulate comprising a hydrophobic 
character is hydrophobic fumed silicon dioxide 
and said polymer having a substantially hy- 
drophobic character is a copolymer of acrylic 
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acid and laurylmethacrylate. 
Patentanspruche 



mit der Olphase unter Bedingungen, unter 
denen eine Wasser-in-OI-Suspension von 
Polymer geschaffen wird, wobei beim Ver- 
fahren oberflSchenaktive Mittel, die die 
Wasserabsorption des Polymeren hemmen, 
ausgeschlossen sind, 

dadurch gekennzeichnet, 

daB das Suspendiermittel eine Kombination 

enthalt von 

(a) einem teilchenformigen Material mit hy- 
drophobem Charakter und 

(b) einem Polymer mit im wesentlichen hy- 
drophobem Charakter, wobei das Polymer 
anhangende hydrohobe Gruppen aufweist, 
wobei das Suspendiermittel im wesentlichen 
in der Olphase loslich ist. 

2. Verfahren nach Anspruch 1, 
dadurch gekennzelchnet, 

dafi das Suspendiermittel (a) ein hydrophobes 
pyrogenes Siliziumdioxid und (b) ein Copoly- 
mer von Acrylsaure und Laurylmethacrylat ent- 
halt. 

3. Verfahrn nach Anspruch 1 oder 2, 
dadurch gekennzelchnet, 

daB das Polymer mit im wesentlichen hydro- 
phobem Charakter ausgewahlt ist aus der 
Gruppe bestehend aus hoheren Alkylestern 
von a,0-ethyleniscn ungesattigten Carbonsau- 
ren und anderen Alkylestern, abgeleitet aus 
Umsetzungen von Alkanolen mit 4-20 Kohlen- 
stoffatomen mit ethylenisch ungesattigten Car- 
bonsauren, AJkylarylestern von ethylenisch un- 
gesattigten Carbonsauren, ungesattigten Ami- 
den, a-Olefinen mit mindestens 8 Kohlenstoff- 
atomen, Vinylalkylaten, in denen Alkyl minde- 
stens 8 Kohlenstoffatome aufweist, N-Vinylami- 
den und Arylalkylstyrolen. 

4. Verfahren nach einem der vorstehenden An- 
spruche, 

dadurch gekennzeichnet, 



dafl es weiterhin enthalt: 

(4) Entfernen des Wassers aus der Suspen- 
sion, 

(5) Zusetzen des Netzmittels, das die Ober- 
flSchenspannung (ermittelt mit einem Stan- 
dardverfahren) einer daruberstehenden 
Flussigkeit nlcht unter 56 Dyn/cm verringert, 
in einer ausreichenden Menge, um die Was- 
seranlagerungsgeschwindigkeit der Perlen 
zu verbessern, und 

(6) Trocknen der Perlen und 
wobei das teilchenformige Material, das einen 
hydrophoben Charakter hat, ein hydrophobes 
pyrogenes Siliziumdioxid und das Polymer mit 
im wesentlichen hydrophobem Charakter ein 
Copolymer von Acrylsaure und Laurylmetha- 
crylat ist. 

5. Verfahren nach einem der vorstehenden An- 
20 spruche, 

dadurch gekennzeichnet, 
daB die Perlen durch Polymerisieren der was- 
serloslichen Monomeren in Gegenwart eines 
Vernetzungsmittels vernetzt werden. 

25 

6. Verfahren nach einem der vorstehendne An- 
spriiche, 

dadurch gekennzeichnet, 

daB die Menge an Suspendiermittel im Bereich 
30 von 0,05-10 Gew.-%, bezogen auf die Menge 

des zu polymerisierenden, wasserloslichen 
Monomeren, betragt und das Netzmittel wah- 
rend einer Zeit von 1-30 Minuten zugesetzt 
wird. 

35 

7. Verfahren zum Verbessern der Wasseranlage- 
rungsgeschwindigkeit von wSflrige Flussigkei- 
ten absorbierenden Perlen aus einer Wasser- 
in-Gl-Suspensionspolymerisation von wasser- 

40 loslichen Monomeren durch 

(1) Vorlegen einer wafirigen Phase, die 
Wasser und mindestens ein wasserlSsliches 
Monomer enthalt, 

(2) Vorlegen einer inerten hydrophoben flus- 
45 sigen Olphase von halogenierten, aromati- 

schen oder aliphatischen Kohlenwasserstof- 
fen und einem Suspendiermittel, 

(3) Inberuhrungbringen der wafirigen Phase 
mit der Olphase unter Bedingungen, unter 

so denen eine Wasser-in-OI-Suspension von 

Polymer, das polymerisiertes wasserlosli- 
ches Monomer enthalt, geschaffen wird, wo- 
bei beim Verfahren oberflachenaktive Mittel, 
die die Wasserabsorption des Polymeren 

55 hemmen, ausgeschlossen sind, 

(4) Entfernen des Wassers aus der Suspen- 
sion, um eine die Perlen enthaltende Olpha- 
se zuruckzulassen, 



1. Verfahren zur Suspensionspolymerisation von 5 
wasserloslichen Monomeren durch: 

(1) Vorlegen einer waflrigen Phase, die 
Wasser und mindestens ein wasserlosliches 
Monomer enthSIt, to 

(2) Vorlegen einer inerten hydrophoben flus- 
sigen Olphase von halogenierten, aromati- 
schen oder aliphatischen Kohlenwasserstof- 
fen und einem Suspendiermittel, 

(3) Inberuhrungbringen der waflrigen Phase 75 
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dadurch gekennz Ichnet, 

dajS das Suspendiermittel eine Kombination 
enthalt von 

(a) hydrophobem pyrogenen Siliziumdioxid 
und s 

(b) einem Copolymer von Acrylsaure und 
Laurylmethacrylat, 

und das Verfahren weiterhin einschlieBt: 

(5) Zusetzen zur Olphase eines Netzmittels, 
das die OberflSchehspannung (ermittelt mit 10 
einem Standardverfahren) einer daruberste- 
henden Flussigkeit nicht unter 56 Dyn/cm 
verringert, in einer ausreichenden Menge, 
urn die Wasseranlagerungsgeschwindigkeit 
der Perlen zu verbessern, und 75 

(6) Trocknen der Perlen. 

8. Suspendiermittel, das fur Suspensionspolyme- 
risationsverfahren geeignet ist, 
dadurch gekennzeichnet, 20 
dafl das Suspendiermittel enthalt (1) eine Kom- 
bination von teilchenformigem Material mit hy- 
drophobem Charakter und (2) einem Polymer 
mit im wesentlichen hydrophobem Charakter, 
wobei das Polymer an der Hauptkette hangen- 25 
de hydrophobe Gruppen aufweist. 



9. Suspendiermittel nach Anspruch 8, 
dadurch gekennzeichnet, 

dafi das teilchenformige Material mit hydro- 
phobem Charakter hydrophobes pyrogenes Si- 
liziumdioxid und das Polymer mit im wesentli- 
chen hydrophobem Charakter ein Copolymer 
von Acrylsaure und Laurylmethacrylat ist. 

Revendications 

1. Procede de polymerisation en suspension de 
monomeres solubles dans I'eau, comprehant : 

(1) la fourniture d'une phase aqueuse com- 
prenant de I'eau et au moins un monomere 
soluble dans I'eau, 

(2) la fourniture d'une phase huileuse liqui- 
de hydrophobe inerte, constitute d'hydro- 
carbures halogenes, aromatiques ou alipha- 
tiques, et d'un agent de mise en suspen- 
sion, 

(3) la mise en contact de la phase aqueuse 
et de la phase huileuse, dans des condi- 
tions telles que Ton obtienne une suspen- 
sion de polymere, du type eau-dans-l'huile, 
ledit procede excluant des agents tensioac- 
tifs qui inhibent la capacite d'absorption 
d'eau dudit polymere, 

procede caracterise en ce que ledit agent 
de mise en suspension comprend une combi- 
naison de : 



(a) un produit sous forme de particules, de 
caractere hydrophobe, et 

(b) un polymere ayant un caractere nette- 
ment hydrophobe, ledit polymere renfer- 
mant des fragments hydrophobes attaches, 
ledit agent de mise en suspension etant 
pratiquement soluble dans ladite phase hui- 
leuse. 

2. Proce'de* selon la revendication 1, caracterise* 
en ce que "'agent de mise en suspension 
comprend (a) un dioxyde de silicium fume 
hydrophobe et (b) un copolymere decide acry- 
lique et de nrtethacrylate de lauryle. 

3. Proceed selon la revendication 1 ou 2, caracte- 
rise en ce que le polymere ayant un caractere 
nettement hydrophobe est issu de monomeres 
choisis parmi les esters d'alkyle supeVieur 
d'acides carboxyliques a,/8-£thyleniquement in- 
satures et autres esters d'alkyle provenant des 
reactions d'alcanols ayant de 4 a 20 atomes 
de carbone avec des acides carboxyliques 
Sthyteniquement insatutes, les esters d'alkyla- 
ryle d'acides carboxyliques £thyleniquement 
insatures, les amides insatures, les a-olefines 
ayant au moins 8 atomes de carbone, les 
alcanoates de vinyle dans lesquels le groupe 
alkyle a au moins 8 atomes de carbone, les N- 

30 vinyl amides et les arylalkylstyrenes. 

4. Procede selon Tune quelconque des revendi- 
cations prtctdentes, caracterise en ce qu'il 
comprend en outre : 

35 (4) I'elimination de I'eau de la suspension, 

(5) I'addition d'un agent mouillant qui ne 
re*duit pas la tension superficielle d'un liqui- 
de surnageant, determinee par une nrtetho- 
de d'essai normalised, a une valeur inferieu- 

40 re a 56 dynes/cm, en une proportion suffi- 

sante pour ameliorer la vitesse d'hydratation 
des perles, et 

(6) le sechage des perles, 

et en ce que le produit sous forme de 
45 particules ayant un caractere hydrophobe 

est du dioxyde de silicium fume hydropho- 
be et le polymere ayant un caractere nette- 
ment hydrophobe est un copolymere d'aci- 
de acrylique et de methacrylate de lauryle. 

50 

5. Proctde' selon Tune quelconque des revendi- 
cations prectdentes, caracterise en ce que 
lesdites perles sont reticulees par polymerisa- 
tion des monomeres solubles dans I'eau en 

55 presence d'un agent de reticulation. 

6. Procede* selon I'une quelconque des revendi- 
cations precedentes, caracterise en ce que la 
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proportion d'agent de mise en suspension est 
comprise dans I'intervalle allant de 0,05 a 10% 
en poids par rapport a la quantite de monome- 
res solubles dans I'eau qui est polymerisee, et 
en ce que I'agent mouillant est ajoute* en Pes- 5 
pace de 1 a 30 minutes. 

Procede pour Pamelioration de la vitesse d'hy- 
dratation de perles absorbant des liquides 
aqueux, provenant d'une polymerisation en 10 
suspension du type eau-dans-l'huile de mono- 
meres solubles dans Peau, qui comprend : 

(1) la fourniture d'une phase aqueuse ren- 
fermant de Peau et au moins un monomere 
soluble dans Peau, 75 

(2) la fourniture d'une phase huileuse liqui- 
de hydrophobe inerte, constitute d'hydro- 
carbures halogSnes, aromatiques ou alipha- 
tiques, et d'un agent de mise en suspen- 
sion, 20 

(3) la mise en contact de la phase aqueuse 
et de la phase huileuse dans des conditions 
telles que Ton obtienne une suspension, du 
type eau-dans-Phuile, de polymere renfer- 
mant le monomere soluble dans Peau poly- 25 
merise, ledit procede excluant des agents 
tensioactifs qui inhibent la capacite d'ab- 
sorption d'eau dudit polymere, 

(4) Pelimination de Peau de ia suspension 
pour Pobtention d'une phase huileuse conte- 30 
nant les perles, 

caracterise en ce que ledit agent de mise 
en suspension comprend une combinaison 
de : 

(a) du dioxyde de silicium fume hydro- 35 
phobe, et 

(b) un copolymere d'acide acrylique et 
de methacrylate de lauryle, 

et en ce que ledit procede comprend en 
outre : 40 

(5) ('addition a la phase huileuse d'un agent 
mouillant qui ne re*duit pas la tension super- 
ficielle d'un liquide surnageant, determinee 
par une methode d'essai normalised, a une 
valeur inferieure a 56 dynes/cm, en une 45 
proportion suffisante pour ameliorer la Vites- 
se d'hydratation des perles, et 

(6) le sechage des perles de polymere. 

Agent de mise en suspension, utile dans des 50 
process de polymerisation en suspension, ca- 
racterise en ce qu'il comprend une combinai- 
son de (1) un produit sous forme de particules, 
ayant un caractere hydrophobe, et (2) un poly- 
mere ayant un caractere nettement hydropho- 55 
be, ledit polymere ayant des fragments hydro- 
phobes attaches a son squelette. 



9. Agent de mise en suspension selon la revendi- 
cation 8, caracterise en ce que ledit produit 
sous forme de particules, ayant un caractere 
hydrophobe, est du dioxyde de silicium fume 
hydrophobe et ledit polymere ayant un carac- 
tere nettement hydrophobe est un copolymere 
d'acide acrylique et de methacrylate de laury- 
le. 
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